Insufficient long-term durability of civil engineering infrastruc ture, especially concrete structures, has been a major problem causing enormous economic loss to many countries. Concrete structures are plagued by reinforcement corrosion, cracking due to drying shrinkage and nonuniform creep, alkali-silica reaction, sulfate attack, carbonation, leaching, freeze-thaw, etc. Short-term resistance of concrete structures exposed to fire has become a major question for high-strength concrete in recent years. At the same time, it would be highly benefi cial to devise ways of incor porating into concrete certain industrial wastes, such as blast fur nace slag and crushed bottle glass from curbside recycling.
A rational approach to all these problems requires realistic mathematical models and computer simulations of chemical reac tions, diffusion processes for hcat and transport of various chemi cal agents, expansive processes in the microstructure, and fracture and long-term deformations of the material. Since durability prob lems generally involve large uncertainties, stochastic modeling and predictions of statistical scatter are very important.
The durability problems represent a major challenge for math ematical modeling. The diffusion processes involved are gener ally nonlinear and coupled. Along with the diffusion process, complex chemical reactions take place at reaction fronts as well as in the bulk. Characterization of reaction rates as functions of pressure, temperature, and concentrations can be accomplished only by comprehensive models, which must capture capillarity as well as adsorption phenomena on thc surfaces of nanopores, call ing for the use of surface thermodynamics aside from bulk ther modynamics. In addition, volume changes caused by chemical reactions, surface adsorption, etc., are sensitive to pressure, and the volumetric changes result in damage in the foml of distributed microcracking. In the case of chemical reactions on surfaces, the reaction rates depend not only on pressure but also on such sur face stress components as crystal growth pressure, which gives rise to reaction anisotropy. Ion transport gives rise to electric cur rent and electrochemical cells. Furthermore, all these phenomena exhibit considerable random ness, which makes it necessary to approach the problem probabi listically and take into accoIDlt bOtll the randomness of the pro cess and the uncertainty in the properties of the material and the reacting chemical involved. • Multiphysics problems, such as chemo-thermo-hygro mechanical coupling and transport problems in distressed media, will gain in prominence.
• Since many models are being developed to simulate durability of various materials, round-robin tests and validations of the simulation models need to be conducted. Criteria should be established to uniformly evaluate model simulations. Better experimental techniques and testing methods are needed to validate models and their parameters.
• Virtual manufacturing needs to be developed as an engineering tool to simulate manufacturing processes, and virtual testing methods need to be developed as a design tool for modelers.
Simulation models are especially needed for extreme events, such as fi re damage and collapse of structures.
• Repair science and technology are an important future direc tion for model-based simulation. Sensors, adaptive models, and active control should be established as an entire engineer ing system.
• Interaction among scientists, modelers, and practitioners should be enhanced, while practical applicability of simulation models should be emphasized.
• The essential effects of microstructural features should be in cluded as quantitative inputs to the simulation models.
• Probabilistic-based life-cycle design methods will be impor tant for providing rules and recommendations for engineers.
• Mechanistic integration of corrosion initiation and propagation needs to be mastered. Not many modelers are focusing on this topic.
• Sustainable development of materials and structures will be an important new direction for model-based simulation.
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